Patients with arterial hypertension excrete a sodium load more rapidly than do individuals with normal blood pressure. The relationship of this abnormal sodium excretory response to blood pressure and such extrarenal factors as the central nervous system, dietary salt intake, body fluid volume and sodium content, and the adrenal glands has been studied. On the basis of this and other evidence, it is suggested that the exaggerated natriuresis is the result of a renal tubular defect which occurs after the development of hypertension.
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IT HAS been recognized since the studies of Farnsworth and Barker' that there is an abnormally high renal excretion of chloride in hypertensive individuals. Most subsequent research has been concerned with sodium rather than chloride. There have been several reports2-7 in which subjects with essential hypertension were observed to excrete an intravenous sodium load more rapidly than individuals with normal blood pressure. The explanation has been offered that this excretory derangement is related to alterations in renal function and that the high salt excretors were those hypertensive subjects whose renal plasma flow was reduced and filtration fraction elevated. 8 Others,5' 6 however, have failed to observe such a relationship between increased sodium output and renal hemodynainics. The parallelism of the sodium clearance with both the level of the blood pressure2 4-6 9, 10 and renal vascular resistance6 suggested to This work is supported by the Johln A. Hartford Foundation and the Eda K. Loeb Fund. 498 The present study was undertaken to characterize further the hypertensive pattern of sodium excretion and the factors contributing to it. Consideration was given to the followinig: (1) the relationship of sodium excretion to blood pressure in subjects with labile, essential, and secondary hypertension; (2) the influence of extrarenal factors, such as the central nervous system, dietary salt intake, body fluid volume and sodium content, and the adrenal glands.
MATERIALS AND METHODS
The studies were performed on the following subjects: 16 with essential hypertension of varying severity, 4 with labile hypertension, 4 with secondary hypertension, and 11 with normal blood pressure. In the presentation of the data, the subjects with essential hypertension have been grouped in order of increasing blood pressure as follows: group I 130-160/90-110, group II 160-224/110-130, group III 236-240/134-140. Except for 2 patients with severe essential hypertension and diminished glomerular filtration there was no evidence of renal functional impairment. Cardiac decompensation was absent in all patients. The degree of retinopathy in the subjects with elevated blood pressure was grade II or less. There was no dietary restriction except when the effect of salt intake was being studied. No patient was receiving antihypertensive drugs.
Procedures, except when noted, were carried out at approximately the same time in the morning. Water and food were withheld from the preceding midnight until the completion of the study. The subjects were in the supine position. Whenever possible urines were collected through a soft rubSODIUM EXCRETION IN HYPERTENSION collections checked for completeness by comparing the endogenous creatinine clearances for the several periods in each study. In the occasional instance when the correlation was poor the experiment was discarded. After a control urine collection of 60 to 90 minutes, 100 mil. 5 height of the blood pressure except in the 2 individuals comprising group III, who were known to have diminished glomerular function. Nevertheless, their sodium output was still increased over the normotensive levels.
The per cent of the infused sodium excreted during the first hour in 2 of the mild hypertensive subjects exceeded that observed in any of the controls while in the other 2 and all of the individuals with labile hypertension the values were within the normal range.
There is no evident difference in filtered sodium prior to or for the first hour following the salt load between the individuals with normal blood pressure and those in group II who showed the maximum excretion ( fig. 1 ). During the second and third hours, however, the values for the control subjects are higher.
Thus the sodium excretory response cannot be correlated with the filtered load.
Subjects with Secondary Hypertension. In 25 minutes. As previously explained, this procedure was designed to produce an increase in cerebral sodium concentration comparable to that achieved in this region by the intravenous administration of 100 ml. 5 per cent sodium chloride per M.2 BSA, without, however, eausing a significant elevation elsewhere in the body. As can be seen in table 3 , no increase in sodium excretion similar to that following the usual intravenous hypertonic salt load was observed for the 60-minute period after the start of the infusion. The variation between the intravenous and carotid baseline sodium excretion in patients C.S. and S.T. may be explained by the fact that the studies were performed on different days on a free salt intake.
Except for J.L., the subjects were hydrated and their urinary flows were measured to determine whether the intracarotid hypertonic saline was being delivered to the cerebral osmoreceptors. In 1 of the hydrated subjects (W.C.) the apprehension and discomfort associated with carotid arterial puncture stimulated an antidiuretic response. However, in the 2 others (C.S. and S.T.) in whom satisfactory control urinary flows were obtained, the volumes fell during the infusion from 10.4 to 3.0 and 10.8 to 2.1 ml. per minute respectively, suggesting perfusion of the osmoreceptors. control period preceding the infusion of 5 per cent sodium 2) the peak value oceurred during the second hour after the infusion and was less than half of that achieved with hypertonic salt loading when the maximum response is noted during the first hour ( fig. 3 ). The endogenous creatinine clearance increased slightly during the infusion and then remained above the baseline, as did the urinary sodium, for the remainder of the study. It is possible that the increase in sodium excretion may be explained by the increase in glomerular filtration rate, whereas this would not appear to be the case for the excretory response portrayed in figure  3 . Urine volume rose during the infusion, but then fell progressively to the control level.
Effect of Chavges in
Expansion of extracellular fluid with isotonic saline containing the same amount of salt as the 5 per cent solution also failed to produce a comparable natriuresis (fig. 4) .
There was no significant change in blood pressure during any of these studies. increased sodium reabsorption noted while their subjects were on a rice diet persisted after the filtered sodium load was raised to normal levels, or higher, by the rapid infusion of saline. If, however, the period of infusion was lengthened from 20 minutes to an hour, as was the case in our patient, sodium reabsorption fell to within the normal range. They interpreted this delay in adjustment of renal function as indicating a hormonal mechanism and suggested that there may be an over-production of adrenal steroids. Corroborative evidence for this has been presented by Leaf and 3. Reduction ill Blood Pressure. Although the blood pressure fell in 1 patient with essential hypertension and 1 Cushing 's patient during the period of sodium restriction, the absence of any change in the remaining subjects makes it unlikely that this contributed to the altered response.
As a possible explanation for the abnormal natriuretic response to a salt load in individuals with either essential or secondary hypertension, we postulated a cerebral sodium receptor exerting an effect on sodium comparable to that of the osmoreceptors on water. This could respond to alterations in cerebral sodium concentration and thereby control the renal tubular reabsorption of sodium. Such a center might become hyperactive in arterial hypertension, exerting a more pronounced effect on renal functioii. The literature contains reports of salt-losing syndromes associated with cerebral lesions.23 24 In a patient carefully studied by Cort24 interruption of the hypothalamic tracts by a pleomnorphic glioma produced excessive loss of sodium from the body. This could not be explained by renal disease or abnormal pituitary-adrenal function. We were unable, however, to demonstrate the existence of abnormally reactivc cerebral sodium receptors. The infusion of hypertonic saline into the right common carotid artery, which is known to supply the pituitary gland and the major portion of the hypothalamus including the osmoreceptors, had no effect on sodium excretion. It still remains to be demonstrated, however, that the postulated sodium receptors do not exist in the areas supplied by the vertebral vessels. Technical difficulties related to percutaneous arterial puncture of these vessels have not permitted further evaluation of this aspect of the problem.
Also considered was the possibility that the hypertensive sodium excretion pattern could result from the expansion of body fluid volume by the 5 per cent saline through an increase in filtered sodium load. As can be seen in figure 1 , however, the subjects with elevated blood pressure did not show values higher than the normal. Further evidence against a volume mechanism was our failure to elicit the typical abnormal natriuretic response in a hypertensive individual when isosmotic albumin or isotonic saline was administered. It is also unlikely that an acute increase in body sodium was a contributing factor, since the isotonic saline that contained 
